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SECTIONS OF DIFFERENT SPANS
By Robert H. Neely

SUMMARY

Tests were made in the NACA 19-foot pressure tunnel
to determine the aerodynamic characteristics of two
"tepered wings having NACA 230-geries airfoil gections,
congtant-chord center sections, and straight treiling
edges. The wing spanas, the areas, and the root chords of
the two wings were equal; the gpan of the center section
of one wing was equal to the root chord and the span of
the other was twice the root chord. Lift, drag, and
pltching-moment characteristics of the wings with partial-
span and full-gpan split flaps are given for a test
Reynolds number of 4,600,000.

The maximum l1ft coefficlents of the wing with the
square center sectlon were greater, for 211l arrangements
tested, than those of the wing with the rectangular center
soction; alpgo, with flape noutral the drag coefficienta
wore smaller for lift coeffigclents greater than O.1l. The
aerodynamic-center positions of the plain wings were found
to be 0.451 of the meen .chord from the leading edge for
the wing with the sgquare centor gection and 0.442 of the
mean chord from the leading edge for the wing with the
rectangular center section.

INTRODUCTION

- The nonlinear distribution of area and of sgection
aorodynamic centers along the span of a wing i1s of utmost
importance in airplane design because of 1ts influence on
the location of the wing aerodynamic center. Previous
research reported in reference 1 provides data for wings
wlth eithor a nonlinear digtribution of area or & nonlin-
ear digtridution of aerodynamic centers. The present




tests wore made at the request of the Bureau of Aeronau-
tics, Navy Department, to provide data on conventional
wings with both varlables and were limited to wings with
congtant-chord center agections and strailght tralling
odges. The effect of center-section gpan wasg determined.

Complete 1ift, drag, and pltching-moment character-
igtice were determined for each wing through a range of
Reynolds number of 2,600,000 to 4,500,000. The charac-
teristics with partial-span and full-span slmple split
flaps were determined. JIn eddition, a study of the stall
characterigtics was made.

MODELS

Wingse

The mcdels used in these tests were provided by the
Bureau of Aeronautics according to NACA specificationsg and
are deslgnated wing III and wing VI. The wlngs are con-
structed of laminated mahogany to NACA 230-geries airfoll
sections and differ only in center-section span and sweep-
back. (See figs. 1 and 2.) The center section of wing III
has a span equal to the root chord and that of wing VI has
a gpan twice the root chord. The spans, root chords, areas,
and agpect ratlog of the two wings are equal. The airfoil
pections. ugsed were the NACA 23015 for the center gection
and the NACA 25009 for the construction tip. In the con-
struction of the wlings, straight-line elements were uged
between corresvonding points of the root and the conatruc-
tion-tip sections 1in such & manner that the upper gurface
at the maximum ordinate 1s in a horizontal plane. Wo geo~

. metric twiet 1g present.

The principal characteristlics of the two winge are:

Wing III Wing VI
Aspect ratio 7 7
Center-gection span 1.27 s/b 2.54 s/v
Root chord 1.27 s/bv  1.27 s/bv
Tip chord .635 8/ <424 s/v
Taper ratio (outer panels only) 2.0 2.86
Sweepback, A , degrees 9.44 ' 16.53

The retio §/b, which is equal to the mean chord of the
wing, 1s the rgtlo of the wing area to the wing svan.



Flaps

The flaps were simple split flaps constructed of
thin metal sheet and had a chord 20 percent of the wing
chord. The desired deflections were obtalned by ingert-
ing triangular wooden blocks between the wing lower sur-
face and the flap. The spang of the partial-span and
full-gpan flaps were 53 percent and 90 percent of the
over-all wing gpan, resvectivaely.

TESTS

Tho tegts were conducted in the NACA 1l9-foot pres-
sure tunnel at an absolute prossgurc of 35 pounds per
squarco inch with the model mounted on the gtandard wlag
gsupporte. (See filg. 3.)

Complote 1ift, drag, end pltching-moment character-
istice were deterwmined for the wings with no flage; wilth
tiie nartial-gpan flaps at deflectloas of 159, 30 459,
and 60°; and with the full-span flaps at 60°. The tests
were made at test Reynolds numbers of approxiuately
2,800,000, 4,600,000, and 4,600,000.

A study of the stalling characteristics was made by
observing the behavior of wool tufts attached to the
upper surface of the wing. Thege tufts were fastened to
the gurface &2t the 30-, ¥0-, 40-, 50-, &80-, 70-, 8C-, and
90-percent-chord points in parallel rows spaced apnproxi-
mately 7 lnches apart along the span. The progresslon of
the stall wag recorded by sketching the stalled portions
of thc wing at various angles of attack. The obpservatlons
were made At & Reynolds number of 4,600,000 for the plain
wings and for the wings with the prrtiml~span flaps de-
flected 60°.

RESULTS AND DISCUSSION
Coefficlents
The data pregented herein ere given 1n standard non-
dimengional-coafficient form corrected for the effect of

model gupport tares and interference, air flow migallne-
ment, and for Jet-boundary effects.




The coefficlents And symbols used herein are defined-
as follows:

C;, 1ift coefficient (L/qs)
Cp drag coofficient (D/gs)

C, pltching—moment coefficient about quarter-chord point
of root section (M/asc)

whero
L 1if%
D drag

M pitchlng momant

q dynamic pressure of undisturbed air etreem (1/2 pvE)
§ wing area (32.14 eq ft)

& menp-wing chord (§/b = 2.14 f£t)

c wing svctlon chord

P wing epan (15 ft)

p mags denslty of alir

v free-—gtream veloclty

flap deflection meagured between lower gurface of wing
and flap '

o angle of attack of root chord corrected for Jet-
boundary interference

R test Reynolds number brged on mean wing chord (pVEYu)

W coefficlent of wvilscosity

Precisgion

The experimwental results as determined from repeat
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Lift end 8talling Characteristics

Complete force-togt data for a Reynolds number of
4,600,000 Are presonted in figures 4 And 5. Comparison
of the lift curves reveals that wing III has a higher
angle of stall than wing VI. for Amll conditions; and the
maximum l1ift coefficients, consequently, are greater. The
variation of maximam 1ift coefficlents with Reynolds num-
ber is shown in figure 6. Yo consistent varistion is in-
dicated by thegse results, probably because of ths unsteady
manner in which the wings stmllod.

The stall diagramg for the various conditions are
shown in figures 7 to 10. The progression of the stall of
wing III with no flaps 1s falrly rapid elthough not gudden.
¥With the pAartial-span flap, thoe stall of wing III is very
guddon, covoring moat of the right winge The stall of
wing VI with flaps off gtarted at both wing tips mnd moved
inward gradually. The gtall of wing VI with flape was
gimilar,

It is evident that the maximum 1ift coeffliclents of
the two wings could be materially increased, especially
for wing VI, by usling waghout toward the tlips to prevent
errly stalliag.

Drag Characteristilcs

A comparipon of ths dr~g coefficients of the two
wings with fleps off is whown 4in figure ll. Increasing
the span of the center gectlion increaged the drag coeffi-
clentsg to gsome extent for 1lift coefficlents greater than
O.1s The mazimum variation was =2bout 0.0015.




Pitchlng~-Homent Characterlistics

The effect of the nonlinear distribution of area and
aerodynamic conters on the pitching-moment curve 1is shown
in figure 1l2. The pitching-moment curves of the two models
tested Are given, together with the moment curve of a wing
wlth no swveepback of the quarter-chord points. TFor the
wing with no sweepback, 1t i1s agsumed that the pitching-
moment coefficients about the quarter-chord point are con-
stant, It 1s seon that sweegpback gives the pltitching-moment
curves A conslderable nezative slope, which iadicates a
rearvard movement of the meorodynamic centeras. The slope
of the-pitching--umoment curve for wing III 1s greater negna-
tively than that for wing VI. Thils s~rme result 1s noted
for the wing wlth partial-apan and full-spen flaps.

The positions of the wing Aerodynamic centers, meag-
ured from the leading edge of the root section, were de-~
termined both from experimental data and from calculmtiang.
A comparison of thego ‘regults is given 1in the following
table:

Position of merodynamic center
back of lending edge
Wing (s/v)
Exnerimental Calculated
111 0.451 0.460
VI « 442 . 442

The merodynaemic—-center positions were computed from
the experimental data by the method outlined in referencse
l. An average glope of the piltching-moment curve was used.
The calculated aerodynamic~center posltlons were dster-
mined by the method of reference 2.

The aerodynamic—-center position for comparadle wings

with no sweepback 1s apprcximately 0.318 §8/b from the
leadiags edge.

CONCLUSIOXNS

Froﬁ the results of the tests reported herein, the
followling counclusions are drawmn:
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l. The maximum lift coefficlents of wing III were
greater than those of wing VI for all conditions teated,

" begauge of the later stalling.

2. The effect of incremasing the gpan of the center
section whille keeping the wing span, the root chord, and
the area congtant and the trallling edge stralght is to
shift the amerodynamic center toward the leading edge.

3. The horizxontal positions of the amerodynamic cen-
ters as determined by experiment and by calculation from
gsection characterlistics are in cloases agreement.

4. Increasling the gpan of the center gectlion in-
creaged the drag coefficlents for 1lift coefficlents
greater than 0.l. The maximum variation 1n drag coeffi~
clent was approximately 0.0015.

Lengley Memorial Aeronauvtical ILaboratory,
National Advisory Committee for Aeronauntica,
Langloy Yileld, Va.
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Figure 3.-

¥ing VI mounted in the 19-foot pressure tunnel.
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